A k-container C (u, v) of a graph G is a set of k-disjoint paths joining u to v.
. The pyramid network PM [2] .
that every vertex of G is on some path in C k (u, v) . A graph G is k * -connected if there exists a k * -container between any two distinct vertices in G. Obviously, a graph G is 1 * -connected if and only if it is Hamiltonian connected. Moreover, a graph G is 2 * -connected if it is Hamiltonian. The study of k * -connected graph is motivated by the 3 * -connected graphs proposed by Albert et al. [13] . A graph G is superconnected if it is i * -connected for all 1 ≤ i ≤ κ(G). Some related works have appeared in [14] [15] [16] .
In [17] , Cao et al. proved that the connectivity of a pyramid network is three. Based on Menger's Theorem, the 3-connected property of a pyramid network can be derived. Sarbazi-Azad et al. and Wu et al. studied the Hamiltonicity and the Hamiltonian connectivity of pyramid networks in [10, 11] . Thus a pyramid network is 1 * -connected and 2 * -connected. In this paper, we study the 3 * -connected property of a pyramid network. We prove that any pyramid network is 3 * -connected. Consequently, a pyramid network is superconnected.
The pyramid networks
A mesh network M(m, n) is defined as the Cartesian product P m × P n , where P m and P n are undirected paths with m and n vertices, respectively. An n-dimensional pyramid network PM[n] is a hierarchy structure based on mesh networks. The subgraph induced by all vertices in the i-th layer of a PM[n] is a mesh network M(2
are adjacent if they satisfy one of the following conditions: 2 , and |y 1 − y 2 | = 1; 2. k 1 = k 2 , y 1 = y 2 , and |x 1 − x 2 | = 1; and 3. k 2 = k 1 + 1, x 1 = ⌊x 2 /2⌋, and y 1 = ⌊y 2 /2⌋. Fig. 1 illustrates the pyramid network PM [2] .
Some studies on the Hamiltonian connectivity and fault Hamiltonicity of pyramid networks have been proposed in [10, 11] . The results are listed as follows.
Lemma 1 ([10,11]). A pyramid network PM[n]
is Hamiltonian for n ≥ 1.
Lemma 2 ([11]). A pyramid network PM[n]
is Hamiltonian connected for n ≥ 1.
The following lemmas consider the Hamiltonicity of mesh networks. 
Lemma 4 ([18]). A mesh network M(m, n) is

Main result
In this section, we need the following path patterns. We set 
See Fig. 2 Case 2: Suppose that s = (n; x, y) and t = (n; w, z). Let U be the vertex set of all vertices in the (n − 1)-th layer of PM[n].
Consider the following subcases. 
By Lemma 3, there exists a Hamiltonian cycle HC = ⟨s, HC 1 , t, HC 2 , s⟩ in PM[n] − {u}. Thus P 1 = ⟨s, u, t⟩, P 2 = ⟨s, HC 1 , t⟩, and P 3 = ⟨s, HC 2 , t⟩ form the 3 * -container
Case 3: Suppose that s = (k; x, y) and t = (n; w, z) with 1 ≤ k ≤ n − 1 except if t ∈ {(n; 1, 1), (n; 1, 2 n ), (n; 2 n , 1), (n; 2 n , 2 n )}. Without loss of generality, we assume that 2 ≤ w, z ≤ 2 n −1 and w is odd. Let P ′′ 1 = ⟨(n−1; 1, 1), (n; 2, 2), (n; 1, 2), (n; 1, 1), (n; 2, 1), (n; 3, 1), . . . , (n; 2 n , 1)
2,2 n (n;w,z,2 n ,1) −→ (n; w, z)⟩. Let P ′′ 2 = ⟨(n − 1; 2, 1), (n; 3, 2)
Q z,2 n (n;1,z−1,w,z) −→ (n; w, z)⟩. If z is even, let P ′′ 3 = ⟨(n − 1; 1, 2), (n; 2, 3), (n; 1, 3), (n; 1, 4) ≤ w, z ≤ 2 n − 1 and w is even. Let P ′′ 1 = ⟨(n − 1; 1, 1), (n; 2, 2), (n; 1, 2), (n; 1, 1), (n; 2, 1), (n; 3, 1), . . . , (n; 2 n , 1)
2,2 n (n;w+1,z,2 n ,1) −→ (n; w + 1, z), (n; w, z)⟩. Let P −→ (n; w + 1, z − 1), (n; w, z − 1), (n; w, z)⟩. If z is odd, let P ′′ 3 = ⟨(n − 1; 1, 2), (n; 2, 3), (n; 1, 3), (n; 1, 4) R 4,z−2 (n;1,2)
−→ (n; 1, z − 2)
Q z−1,2 n (n;1,z−2,w,z)
−→ (n; w, z)⟩. If z is even, let P −→ (n; 1, z − 2)
